Purpose Renal cell carcinoma (RCC) is characterized by a variable and unpredictable clinical course. Thus, accurate prediction of the prognosis is important in clinical settings. We conducted microarray-based study to identify a novel prognostic marker in conventional RCC. Patients and methods The present study included the patients surgically treated at Kyoto University Hospital. Gene expression proWling of 39 samples was carried out to select candidate prognostic markers. Quantitative real-time PCR of 65 samples conWrmed the microarray experiment results. Finally, we evaluated the signiWcance of potential markers at their protein expression level by immunohistochemically analyzing 230 conventional RCC patients.
Introduction
Renal cell carcinoma (RCC) has a wide variety of clinical presentations. Approximately 30% patients present with metastatic disease, and up to 40% patients with localized RCC have recurrences after undergoing nephrectomy (Lam et al. 2005) . Although most patients with metastatic disease have an unfavorable prognosis, frequently resulting in death within a year of diagnosis, some patients survive for years while the disease slowly progresses. At present, the histological stage, grade, and performance status are considered to be the most reliable prognostic factors (Shimazui et al. 1996; Mejean et al. 2003) . Recently, to enhance the prediction of RCC prognosis, several groups have developed comprehensive integrated staging systems based on clinical and histological factors (Lam et al. 2005) .
Treatment of metastatic RCC remains challenging because it is highly resistant to chemotherapy and radiation. Although immunotherapy with interleukin-2 and/or interferons has been the mainstay for almost 20 years, the response rates are generally poor, ranging from 4 to 25% (Gleave et al. 1998; Motzer and Russo 2000) . Recently, new therapeutic approaches based on molecular targeting have been reported, and several agents have shown encouraging results in clinical trials (Stadler 2005) . In the near future, as various options for the treatment of metastatic RCC become available, better understanding of the prognostic factors would enable better selection of patients who might beneWt from either conventional immunotherapy or new therapeutics. Therefore, it is important to identify reliable molecular markers for RCC prognosis because only clinical/histological factors are inadequate for the prognostication of RCC patients (Mejean et al. 2003; Maruyama et al. 2006) .
High-throughput transcriptional proWling has emerged as a powerful approach for simultaneously screening a large number of genes. Recently, several studies have reported a set of genes that is associated with RCC prognosis (Takahashi et al. 2001; Vasselli et al. 2003; Jones et al. 2005; Kosari et al. 2005; Sultmann et al. 2005) . However, the routine use of microarrays for predicting the RCC outcome is impractical because microarray facilities are expensive and are not commonly available. As an alternative method, quantitative real-time PCR assay or immunohistochemistry are particularly feasible in clinical settings. In addition, the scope of microarrays is limited in terms of gene expression quantiWcation, and their results need to be validated using more sensitive experimental procedures including the above-mentioned methods (Chuaqui et al. 2002) . In the present study, we analyzed the expression proWle of 39 RCC samples to select candidate prognostic markers. Next, we used quantitative real-time PCR assay to conWrm whether the expression levels of nine candidate genes are associated with the prognosis of 65 RCC patients. Thus, we identiWed CUB-domain containing protein-1 (CDCP1) as a potential prognostic marker. Finally, we examined the prognostic signiWcance of CDCP1 protein expression by immunohistochemically studying 230 patients.
Materials and methods

RCC patients and samples
From January 1991 to December 2002, 240 patients underwent surgery and were histologically diagnosed with conventional RCC at Kyoto University Hospital. Of these 240 patients, 230 were enrolled in the present study. Ten patients were excluded because three patients had bilateral RCC, and formalin-Wxed paraYn blocks were not available for the remaining seven patients. Of the 230 patients, 39 and 65 patients were enrolled in the microarray and quantitative real-time PCR experiments, respectively. There was an overlap of 25 patients, who were included in both experiments. Immunohistochemical analysis was conducted in all 230 patients. Mean age was 61.0 years (range: 29-90 years), and the male-to-female ratio was 2.8:1. The overall median follow-up was 41.4 months. A total of 31 patients died and median follow-up in surviving patients was 45.0 months. Tumors were staged and graded according to the International TNM classiWcation system and the Fuhrman grading system (Goldstein 1999) . Each tissue specimen was snap-frozen at ¡80°C immediately after surgical resection. Table 1 shows the characteristics of the patients with conventional RCC included in the microarray study (n = 39), quantitative real-time PCR (n = 65), and immnohistochemical analysis (n = 230). Informed consent was obtained from each patient. The institutional review board of the Kyoto University Graduate School of Medicine approved the present study.
RNA extraction and microarray experiment
Total RNA was isolated using RNeasy Kit and RNase-Free DNase (Qiagen, Valencia, CA, USA) according to the manufacturer's protocol. RNA integrity was veriWed by Immunohistochemistry Formalin-Wxed paraYn sections (4 m thick) were deparaYnized in xylene and rehydrated with graded ethanol. Endogenous peroxidase was inactivated by incubating the sections in 3% hydrogen peroxide for 30 min at room temperature. Antigen retrieval involved heat treatment for CDCP1 staining. Subsequently, the sections were incubated overnight at 4°C with polyclonal goat antibody against CDCP1 (Abcam, Cambridge, UK; 100:1 dilution), which was used in the previous study (Ikeda et al. 2006) . After the primary antibody was washed, the sections were stained with Dako LSAB + system (Dako, Glostrup, Denmark) and counterstained with Meyer's hematoxylin. Biotin Blocking System (Dako) was used to examine CDCP1 expression in the normal kidney. The primary antibody was not used in the staining procedure for the control experiments and no speciWc staining was conWrmed. CDCP1 staining was scored as follows: negative, <10% carcinoma cells stained and positive, ¸10% carcinoma cells stained. The percentage of stained cells was estimated in several Welds (200£). Immunohistochemical scoring was performed in a single laboratory and was interpreted without any knowledge of the clinical data.
Statistics
Disease-speciWc survival was deWned as the interval between surgery and death from RCC. Recurrence-free survival was deWned as the interval between surgery and the subsequent appearance of local recurrence or metastatic disease.
To identify candidate genes whose expression levels correlated with disease-speciWc survival, the Cox proportional hazard model was Wtted for each gene in the microarray experiment, as described previously (Neben et al. 2004 ). The cut-oV level was deWned as a hazard ratio (HR) of >2.5 and P < 0.01 in order to identify a set of genes associated with unfavorable survival.
The relationship between CDCP1 staining and clinical/ pathological parameters was evaluated using Fisher's exact test in an immunohistochemical study. Survival curves were generated by the Kaplan-Meier method. The log-rank test was used to compare the survival curves and for univariate analysis. Multivariate analysis was conducted using the Cox proportional hazards model with a forward stepwise selection procedure. Statistical signiWcance was set at P < 0.05. Statistical analyses were performed using the software package R (Ihaka and Gentlaman 1996) or Dr. SPSS II (SPSS, Chicago, IL, USA).
Results
IdentiWcation of candidate genes related to RCC survival by using microarray and quantitative real-time PCR By analyzing the expression proWle of 39 RCC samples, we identiWed 14 genes whose expression levels predicted unfavorable disease-speciWc survival (HR > 2.5, P < 0.01; Supplementary Table 2S ). Of the 14 genes, we selected 9 genes, which are known to be involved in cell proliferation, apoptosis, or cancer development, and evaluated their expression in 65 samples by quantitative real-time PCR. According to the expression levels of the target gene, 65 patients were divided into two groups, and the disease-speciWc survival rate was compared ( Supplementary Fig. 1S ). Of the 9 genes analyzed, only CDCP1 was signiWcantly associated with prognosis (P = 0.039). Thus, we performed immunohistochemical analysis on CDCP1 in the 230 patients, which was described as follows.
Immunohistochemical analysis of CDCP1
The patterns of CDCP1 expression in the carcinoma cells were observed as membranous and/or cytoplasmic staining (Fig. 1) . The heterogeneous distribution of CDCP1 in both plasma membrane and cytoplasm has also been observed in colon cancers (Scherl-Mostageer et al. 2001) . In the present study, CDCP1 staining was not detected in the glomerular and tubular cells of normal kidney. CDCP1 staining was positive in 77 cases (33.5%) and was signiWcantly associated with the T stage, the presence of metastasis and the histological grade (P = 0.028, P = 0.002, and P < 0.001, respectively; Table 2 ).
Disease-speciWc survival
Univariate analysis of potential prognostic impact of clinical, pathological, and immunohistochemical parameters identiWed the presence of symptoms, T stage >2, the presence of nodal or distant metastasis, histological grade ¸3, and CDCP1 positive staining as being signiWcantly associated with shorter disease-speciWc survival (P < 0.0001, P < 0.0001, P < 0.0001, P < 0.0001, and P = 0.0003, respectively; Table 3 ). Disease-speciWc survival rates at 5 years for patients with CDCP1 positive and negative tumors were 71.7, and 90.8%, respectively (Fig. 2a) . In the multivariate analysis including clinical/histological factors and the status of CDCP1 staining, the presence of metastasis and CDCP1 positive staining were signiWcant predictors of shorter disease-speciWc survival (P < 0.001, P = 0.042, respectively; Table 3 ).
Recurrence-free survival Recurrence-free survival was analyzed in 195 patients with localized RCC. Univariate analysis identiWed the presence of symptoms, T stage > 2, and CDCP1 positive staining as being signiWcantly associated with shorter disease-speciWc survival (P = 0.023, P = 0.0063, and P = 0.0022, respectively; Table 4 ). Recurrence-free survival rates at 5 years for patients with CDCP1 positive and negative tumors were 83.6, and 93.9%, respectively (Fig. 2b) . In the multivariate analysis, T stage > 2 and CDCP1 positive staining were signiWcant predictors of shorter recurrence-free survival in the multivariate analysis (P = 0.042 and P = 0.015, respectively; Table 4 ).
Discussion
RCC comprises a heterogeneous group of tumors and is classiWed into various subtypes according to not only the morphological features but also the commonly identiWed genetic abnormalities (Bodmer et al. 2002) . Conventional RCC is the major subtype of RCC, accounting for up to 80% of kidney cancers, and it is characterized by chromosome 3p deletion and frequent mutation of the von Hippel-Lindau gene. In the present study, we performed microarray-based screening of prognostic markers for conventional RCC. To our knowledge, Wve groups have previously reported gene signatures that deWned RCC outcome based on transcriptional gene expression proWling (Takahashi et al. 2001; Vasselli et al. 2003; Jones et al. 2005; Kosari et al. 2005; Sultmann et al. 2005) . Strikingly, there is almost no overlap among each set of signiWcant genes identiWed in these studies. This is probably due to the diVerence in the design, methods and case subjects of each study. Of these studies, that by Kosari et al. identiWed 34 candidate biomarkers in a microarray experiment, and by immunohistochemistry in an independent group of patients, they conWrmed that one of the candidate biomarkers (survivin) is inversely associated with prognosis (Kosari et al. 2005) .
We demonstrated that CDCP1 is a potential prognostic marker for conventional RCC. In 2001, Scherl-Mostageer et al. Wrst identiWed CDCP1 as the novel gene that is overexpressed in lung and colon carcinomas by using (Hooper et al. 2003) . CDCP1 is a transmembrane protein containing three extracellular CUB domains and intracellular tyrosine residues phosphorylated by the src family. CUB domains are structurally related to immunoglobulins and are thought to play important roles in adhesion processes (Nentwich et al. 2002) . CDCP1 reportedly interacts with other proteins involved in cell adhesion and cell-matrix association such as N-cadherin and matriptase (Bhatt et al. 2005) , whose expression has been reported to correspond to RCC progression (Shimazui et al. 2006; Jin et al. 2006 ). In addition, the src family has been shown to not only form a complex with phosphorylated CDCP1 but also regulate the expression of CDCP1 protein in a cell cycle-dependent manner (Bhatt et al. 2005) . Src is known to promote the motility and invasiveness of cancer cells (Yeatman 2004) . Thus, CDCP1 might be implicated in cancer invasion and metastasis through src activation, although its precise function remains unclear. The activation of src has been reported in RCC cell lines (Yonezawa et al. 2005 ) but it has not been examined in primary tissues. Further analysis detailing the relationship between src activation and CDCP1 expression in RCC might become relevant to clinical practice because several src kinase inhibitors have been developed and have undergone clinical trials in other types of cancers (Yeatman 2004) . We recognize some limitations of the present study. First, among the nine candidate prognostic markers identiWed by using microarray experiment, only CDCP1 was linked to prognosis in qantitative real-time PCR assay. Thus, the quality control in microarray experiments may have been insuYcient in the present study. Second, the population of immunohistochemical study was small and limited to patients referred to a single hospital. In addition, the median follow-up-time of 45.0 months for surviving patients was short. Thus, the present results need to be corroborated in independent patient populations. Recently, Kim et al. conducted a tissue array-based immunohistochemical study to investigate the prognostic value of several molecular markers including carbonic anhydrase 9, PTEN, and p53 (Kim et al. 2005) . The combination of gene expression proWling and tissue-array technology might be a powerful approach for the identiWcation of potential prognostic markers in RCC.
